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Abstract
Research into gambling behaviour is an important aspect of mitigating the effects of problem gambling. However, the
majority of existing studies are conducted in the laboratory, rather than in vivo, raising questions over the generalisability
of results. Virtual reality (VR) is well established as an effective tool for exposure therapy, and has also been used in
other experimental contexts: such work is often motivated by the ability of the platform to create ecologically valid
conditions, and simulations that would be hard to create in real life. Whilst a small number of studies have used VR
to evoke the urge to gamble, and also to conduct behavioural studies, no work has yet considered the differences in
experience between laboratory and VR conditions.
We approach this from the perspective of immersion, arousal and user experience, and conduct a within-subjects
study (N = 48) in which participants play a gambling game both on a laptop in a laboratory, and on a virtual gaming
machine located in a VR simulation of a betting shop. Our results show that participants reported higher levels of
arousal, as well as higher levels of immersion in the game when playing in VR. There was also a significant difference in
self-reported physical task workload in VR. Based on our results, we argue for further use of VR in experimental research
related to gambling, as well as further study of the experience and responses of problem gamblers to VR simulations of
real-world gambling.
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1. Introduction
Gambling represents a significant sub-sector of the UK
leisure industry. The gambling commission estimates that
63% of adults engage in some kind of gambling activity
each year. However, a significant number of gamblers suf-
fer the effects of addiction and associated negative out-
comes: in 2017, the commission estimated that there were
approximately 300,000 “problem gamblers” in the UK,
with at least 500,000 more at moderate risk [1, 2].
A significant body of research has been conducted into
the psychology of gambling, with the objective of under-
standing and mitigating factors which lead to problem be-
haviour. This includes, for example, player responses to
game features, environmental factors, and the effective-
ness of interventions (e.g. [3, 4, 5, 6, 7]). However, the
majority of experimental research is conducted in labora-
tory settings, rather than in vivo, leading to questions over
the generalisability of results [8, 9].
In this paper we present an investigation of virtual real-
ity (VR) as a platform to support research into gambling
behaviour. Work in other contexts has shown that VR
systems can combine ecological validity with high levels of
control, and this has frequently been leveraged for psycho-
logical treatments such as exposure therapy [10, 11, 12, 13].
1School of Computer Science, University of Lincoln, UK
2eMedia Research Lab, KU Leuven, Leuven, Belgium
3School of Media, Culture and Society, University of the West of
Scotland, UK
A small number of studies have investigated VR as a thera-
peutic tool for problem gambling [14, 15]. However, the use
of VR as a platform for behavioural research in gambling
warrants a closer consideration of user experience and re-
sponse: as with laboratory settings, researchers need to be
able to make informed judgements about participant en-
gagement, the generalisability of results, and the design of
simulations and experimental scenarios. No existing work
has yet addressed this.
Our motivation is thus to explore whether VR might be
used to provide more effective experimental environments
for gambling research than the laboratory. Gambling re-
search presents particular challenges in terms of ecologi-
cal validity, so we approach this from a user experience
perspective. We present results from a within subjects
study (N=48) in which we evaluate immersion, affective
response and usability for a touch-screen gambling game,
played both in a laboratory environment, and on a simu-
lated electronic gaming machine (EGM) in a VR betting
shop. Our results show self-reported increases in player
immersion in the gambling game while in the VR condi-
tion, along with increased feelings of arousal. Our results
also show an associated increase in self reported physical
task workload when using VR. No previous work has un-
dertaken a comparable analysis.
Based on our results, we argue for the wider use of VR
in gambling research, and also propose that further work
with sub groups of regular and problem gamblers is war-
ranted. The remainder of our paper is structured as fol-
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lows. In Section 2 we present the background to our work.
This comprises a discussion of user experience in VR sys-
tems, existing use of VR in psychology research, including
applications to gambling exposure. We then proceed to
discuss our motivation and experimental hypotheses, and
methodology. We conclude by presenting the results or
our study, with discussions and conclusions.
2. Background
In this section we first briefly review concepts of pres-
ence and immersion in VR and games. We then proceed
to discuss how VR has been leveraged by psychology re-
searchers both in therapeutic and experimental contexts,
and the relatively small amount of existing work which has
used VR in gambling-related settings. This is followed by
an overview of our study.
2.1. Presence and Immersion
VR simulations are characterised by a strong sense of
presence - a feeling of “being there”, or of being present
in another physical space [16]. This phenomenon has been
extensively investigated and characterised: for example,
Witmer and Singer [17] define presence as “the subjec-
tive experience of being in one place or environment, even
when one is physically situated in another”, and Slater and
Wilbur [18] describe it as “a state of consciousness, the
(psychological) sense of being in the virtual environment.”.
Some authors have made attempts to further deconstruct
presence. Slater [19] defines the distinct terms place illu-
sion, which refers to the said sense of “being there”, and
plausibility illusion to the sense that what is happening in
the simulation is real. Slater further discriminates between
these by attributing them to perceptual and cognitive pro-
cess respectively. A recent review is presented by Skarbez
et al. [20], which proposes a synthesised model of presence
comprising elements of place illusion, plausibility illusion,
and social presence, and summarises commonly used self-
report measures (e.g. [17, 21]).
In contrast to presence, the term immersion refers to
the sense of involvement or absorption in an activity, and
is often used to characterise users’ engagement with games
and other technologically mediated experiences (including
VR). However, presence and immersion are distinct and
different concepts. Slater [22] describes the difference as
that of form (presence) and content (immersion). Brown
and Cairns [23] also discuss the relationship between im-
mersion and presence, within the context of games, and
conclude that (for game players) immersion encompasses
a spectrum of meanings, which may converge with feel-
ings of presence when experienced in high-intensity. Jen-
net et al. [24] have also described immersion in games
(e.g. playing a video game on a 2D screen) as a user’s
sense of engagement and involvement in game play, and
proposed five factors that capture this experience: cogni-
tive involvement, real-world disassociation, emotional in-
volvement, challenge, and control, which may be evaluated
with the widely used Immersive Experiences Questionnaire
(IEQ). This measure captures a number of established and
studied components which together create the sense of in-
volvement and absorption experienced by players, includ-
ing emotional and cognitive involvement in the game, and
presence [23]. The concept of immersion also overlaps with
that of game flow [25, 26]. The scales have been validated
by Jennett et al. and also associated with objective mea-
sures such as task completion times, and eye movements.
We return to the IEQ when discussing the evaluation of
player experience in our own study, in Section 4.
There is also further confusion over the terms presence
and immersion specifically in relation to VR. In particu-
lar, Slater uses the term immersion to refer to the tech-
nical characteristics of a VR system (e.g. the resolution
of a head mounted display, or fidelity of a tracking system
[27]), and this terminology is widely adopted by VR re-
searchers. For clarity, we henceforth use the term system
immersivity to refer to Slater’s definition based on tech-
nical characteristics of VR, and immersion to refer to the
multi-dimensional sense of engagement and involvement
described by Brown and Cairns, and Jennett et al.
2.1.1. Presence and Affective Response
Affect is an important factor in understanding gam-
bling behaviour (e.g. [28, 29, 30]), and it is therefore use-
ful to consider how VR mediates affective responses. Work
by Riva et al. [31] investigated the ability of VR scenes
to invoke specific emotions (anxiety and relaxation), and
reported an inter-relationship between presence and emo-
tional response. A number of studies have noted increased
arousal when performing tasks in VR (HMD), as compared
to 2D screen-based interfaces. For example Estupiñán et
al. [32], and Kim et al. [33] who found higher arousal, irre-
spective of task stress. A recent review of the relationship
between presence and emotion is presented by Diemar et
al. [34], from the perspective of exposure therapy. They
surmise that system immersivity can amplify arousal, re-
sulting in reported elevation of emotional responses(e.g.
see Visch et al. [35]).
Of particular relevance to our study is work by Villani
et al. [36] which compared self-reported presence during
a job interview simulated in the real-world, with a VR
simulation of the same interview. Users reported elevated
presence and anxiety in the VR condition, which was at-
tributed to the use of a more contextually correct environ-
ment (boardroom), as opposed to the use of a lecture room
for the real-world interviews. This comparison of real and
VR experiences mirrors our own experimental design, and
partially motivates our study.
2.2. VR and Psychology Research
VR technologies have been explored extensively for ther-
apeutic uses, such as exposure therapy (VRET), which
leverages users’ sense of presence to create experiences
which can replace in vivo methods. Recently, Garcia-
Palacios et. al. [37] showed that VR was effective in
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treating arachnophobia, noting the advantages of environ-
mental control. Other examples include treatment of acro-
phobia [38], fear of flying [39], social anxiety disorder [10],
and post traumatic stress disorder [11]. A recent meta-
analysis of randomized control trials shows that VRET,
examined across a range of conditions, is generally as ef-
fective as in vivo therapy [40]. The concept of ecolog-
ical validity frequently appears in discussions of VRET;
however, there is relatively little consideration of how the
design of experiences moderates successful treatment, be-
yond observations that VR facilitates levels of control and
personalisation which are not possible in vivo.
2.2.1. VR as a Platform for Experimental Research
A smaller body of work has also considered VR as a
tool for experimental psychology, and is similarly built on
propositions of ecology validity, experimental control, and
the ability to construct contexts which would be hard to
reproduce in real life. However, the question of how well
results might generalise has been highlighted as an open
challenge by a number of researchers, and motivates our
own work.
Gaggioli [41] presented a discussion of applications to
experimental themes in cognitive psychology, such as per-
ception, attention, and cognitive performance. Wilson and
Soranzo [42] discussed the application of VR to research
in visual perception, while Bohill et al. [43] reviewed the
use of VR in experimental neuroscience. VR has also at-
tracted the attention of social psychologists. Recently, Pan
and Hamilton [44] discussed the use of VR to conduct ex-
perimental work in human behavioural interactions, noting
the importance of plausibility illusion ([19]) in maintaining
a sense of presence. Kulik [45], commenting on Pan and
Hamilton’s paper, further underlined that more investiga-
tion is required to validate behavioural research findings
obtained in VR simulations.
2.2.2. VR and Gambling Research
A small amount of existing research has explored the
use of VR in settings related to gambling. This is mainly
related to exposure therapy, and representation of settings
intended to evoke the urge to gamble. For example, Giroux
et al. [46] investigated the use of a VR simulation to induce
the desire to play Video Lottery Terminal (VLT) machines
among regular players, and found that the simulation el-
evated participants’ desire to play. Similarly, Park et al.
[14] used a virtual environment to measure the effect of
repeated exposure on recreational users’ urge to gamble.
They reported that initial exposure created an elevated
urge, which decreased over time. Similar work by Lor-
anger et al. [47] showed that VR simulations of a bar
and casino could be used to invoke the desire to gamble,
and subsequent work by Bouchard et al. [15], showed that
these stimuli can be effectively integrated into Cognitive
Behavioural Therapy (CBT) treatments for gambling dis-
order.
Of most relevance to our own work, Young et al. [48]
used a semi-immersive VR platform (HMD in combination
with joystick and mouse controls) to study persistence of
slot machine play. Further work using the same VR sys-
tem has been undertaken by Wohl et al. [49], Lister et
al. [50], and Hollingshead et al. [51] to investigate chasing
behaviour, and players’ response to in-game pop-ups re-
spectively. While these studies provide interesting results
regarding specific behaviours, there is a lack of existing
work which explores the general experience and response
of participants whilst in VR gambling simulations, partic-
ularly compared to other experimental environments: this
is the focus of our work, which provides context and sup-
port for the validity of these (and other future) studies.
2.3. User Experience and Gambling
We take a user experience perspective, and so briefly
summarise research related to the experience of gamblers
relevant to our study constructs. The experience of gam-
bling is generally characterised as “excitement”, or an el-
evated sense of arousal during play. Arousal is a com-
plex physiological response; however, we refer to the re-
cent discussion by Pijeira-Daz et. al. [52] which describes
a “physiological activation and responsiveness triggered by
an event, object, or situation, during a person’s interaction
with the environment.” Arousal associated with the excit-
ment of gambling has been evaluated using physiological
measures such as heart rate [8, 53], subjective self-report
measures (e.g. [30]), and sometimes both. Significant cor-
relations between physiological and self-report measures
of arousal have been found [29, 54], although this is not
universally reported (e.g. [55]). Nevertheless, some re-
lationship between what may be considered as objective
(physiological) measures, and subjective measures of af-
fective state seems apparent, if not well understood, in
previous work.
The experiences of gamblers during play has also been
characterised as a sense of absorption or focus, closely re-
lated to that described in Section 2.1 for video game play-
ers [24]. For example, Schull [56] described a “dissociated
subjective state that gamblers call the zone, in which con-
ventional spatial, bodily, monetary, and temporal parame-
ters are suspended”. Dixon et al. [57] recently described
slot machine play as “dark flow”, drawing parallels with
the flow state experienced in video games [25, 26], and
Murch and Clarke [58] also recently used video game re-
search constructs to measure immersive flow experiences
in slot machine players.
3. Study Overview
Studies in gambling behaviour typically make use of
laboratory-based experiments, which provides high exper-
imental control, at the cost of reduced generalisability (e.g.
[9]). However, the literature indicates that VR can offer
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both control and good ecological validity. We are there-
fore motivated to ask whether it can provide a more effec-
tive platform for gambling behaviour research than labo-
ratory settings, how participant experiences might differ,
and whether those experiences might better generalise. Al-
though researchers are starting to explore VR as tool for
gambling research (e.g. [48, 49, 50]), these questions have
not yet received consideration.
3.1. Aspects of User Experience
A comparison of laboratory and in vivo study settings
for gambling research has been presented by Gainsbury
and Blaszczynski [9], which discusses a number of relevant
aspects. In particular, arousal has been strongly linked
with persistent gambling: Anderson and Brown [8] found
lower levels of arousal in laboratory settings; Diskin et
al. [55] also found that arousal among EGM players was
more elevated in a real-world setting than in the labora-
tory. However, such comparisons are sparse. Furthermore,
We also wish to consider players’ sense of immersion (in
the sense of absorption and involvement) in play, as this
has been identified as a characteristic of gambling (partic-
ularly slot machine play [57]) in Section 2.3.
In addition, we wish to determine whether there are
any extra physical, cognitive or mental demands required
to undertake gambling tasks using a VR system, as this
could also affect player behaviour and consequently affect
the generalisability of results. Users’ perceptions of re-
quired effort are referred to as task workload, which is de-
scribed by Hart [59] as “a term that represents the cost of
accomplishing mission requirements for the human opera-
tor”. Workload is typically characterised by a subjective
rating of users’ perceived effort on a number of dimensions:
mental, physical, and temporal demands, user frustration,
and perceived effort and performance. In the context of
our study, increased workload could potentially arise from
additional physical or cognitive effort required to operate
the VR system, or limitations of system immersivity, for
example.
3.2. Research Questions
We compare the experience of participants playing an
electronic gambling game on a real touchscreen in a labo-
ratory setting, to that of playing the same game on a vir-
tual touchscreen machine, in a VR representation of a UK
betting shop. In particular, we ask the following research
questions (which we develop into specific hypotheses in
Section 4.2):
RQ1: Do users experience higher levels of immersion
(engagement and involvement) in the gambling game, while
playing it in the VR setting, as compared to the labora-
tory?
RQ2: Do users experience higher levels of arousal while
playing the game in the VR environment, as compared to
the laboratory setting?
RQ3: Is there any difference in perceived task work-
load for players while playing the touch-screen gambling
game in VR, as compared to the laboratory?
3.3. Gambling Component: Five Card Draw
We created a simulated gambling video game called
“Five Card Draw” (FCD) using the Unity3D game engine.
The game is representative of real EGM games, comprising
typical game-play elements. Players have an in-game bal-
ance (initially £50), and each play costs £1. For each play,
five cards are initially drawn, and the player then chooses
to hold between one and five of those cards. Non-held
cards are discarded and replaced from the pack to cre-
ate the final hand, which may be either winning or losing.
Winning hands are based on typical poker hands: pairs
of face cards, two pairs, three of a kind, full house, flush,
straight, four of a kind and straight flush. Each winning
hand has a different value, and in-game currency is ficti-
tious: players do not play with real money. If the player
draws a winning hand, they may additionally choose to
gamble those winnings on a separate high-low card draw,
where they can double (or lose) their winnings from that
hand. Each hand takes a few seconds to play.
The FCD game can be played either on a touch-screen
laptop or tablet, or on a virtual EGM, in a VR betting shop
simulation. The same game code is used in each case, and
the game plays identically. The laptop version is played by
touching flashing buttons on the screen, which the player
uses to start the game, hold cards, and make choices in
the high-low game phase. The VR version is played using
the HTC Vive VR platform, comprising a head mounted
display (HMD) and hand-held game controllers. The Vive
controllers appear in the simulation as hands, which the
player can use to virtually touch the same screen controls
on the simulated EGM machine. Figure 1 shows FCD
running on a laptop. Figure 2 shows part of the simulated
VR betting shop, and Figure 3 shows an array of simulated
EGMs in the betting shop: FCD is running on the EGM
closest to the view point in this image. Figure 4 shows an
image taken while playing the FCD game in VR.
The VR simulation was designed to incorporate typi-
cal elements of a UK betting shop environment, including
items such as paper slips, pens, stools and tables. There
were also large screens showing video excerpts from dis-
cussions by racing analysts, with audio. These are also
typical of UK betting shops, and provided a naturalistic
audio soundtrack to isolate the player from the real world.
While in the VR simulation, the participant may move
around by walking, which restricts movement to be within
a few feet of the EGM that they are playing. They were
therefore unable to interact with other parts of the simu-
lated environment. No simulated characters were placed in
the environment, so as not to unduly distract participants
while playing the EGM.
The outcome of each hand of FCD is partially depen-
dent on choices made by the player (e.g. which cards to
hold, whether to play high-low); however, outcomes also
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Figure 1: FCD on a Touchscreen Laptop
Figure 2: The simulated betting shop
depend on the game’s response to those choices. The FCD
game was therefore programmed so that the game’s re-
sponses can be controlled by the experimenter, in order to
create comparable game outcomes for participants. This
was effected by defining a target balance for each hand in
a sequence of play: the game selects initial cards, replace-
ment cards, and cards for the high-low game in order to
keep the player’s total balance close to the target. For
example, if the target is less than the player’s current bal-
ance, the game will deal a losing hand. If it is greater,
then it will deal a winning hand with a win value equal
to or less than that required to match the target value:
the high-low game is then chosen to either win or lose de-
pending on which outcome takes the player’s total balance
closest to the target. Within these parameters, cards are
randomised, including initially dealt hands.
4. Experimental Method
In order to address the research questions defined in
Section 3, we designed a two-condition, within-subjects
Figure 3: simulated EGMs in VR
Figure 4: Playing FCD on the simulated EGM in VR
study to compare participants’ experience of playing FCD
in the laboratory on a touch screen laptop, with playing it
on the virtual EGM, within the VR simulation. Our study
was approved by the Ethics Committee of the University
of Lincoln prior to being conducted.
4.1. Participants
We recruited 48 participants (32 male, 16 female) for
our study, from the local population. Ages ranged from 18
to 51 (M = 25.66, SD = 8.17). Participants were recruited
by word of mouth, required to be at least 18 years old,
and predominantly comprised students and staff from the
University of Lincoln. Thirty nine had previously used
VR equipment on at least one occasion, and twenty five
reported that they had played a gambling machine in the
last year.
Prior to undertaking the study, participants were screened
using a questionnaire to identify any conditions which might
exclude them from using VR safely, such as vulnerability
to falls, or restricted mobility, and also for uncorrected
visual impairments. We also screened participants to ex-
clude those with current or previous problems related to
gambling behaviour.
4.2. Measures
We employed a number of self-report measures, which
were completed by participants after each condition, and
which correspond to the research questions defined in Sec-
tion 3:
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• We used the Immersive Experiences Questionnaire
(IEQ) [24] to assess participants’ sense of immersion
(engagement and involvment) in the FCD game, and
address RQ1. We chose this scale as it has been
validated and widely used in video games research,
and overlaps closely with concepts of immersion de-
scribed for players of electronic gambling machines
in Section 2.3. The IEQ comprises 31 items, each re-
ported on a seven point Likert scale (e.g. “To what
extent did you feel you were focused on the game?”).
These are scored as 5 sub-scales: challenge, control,
real-world disassociation, emotional involvement and
cognitive involvement. The IEQ demonstrated good
scale internal reliability, with Cronbach’s alpha scores
of 0.83 and 0.82 in the laptop and VR conditions re-
spectively.
• RQ2 refers to users’ sense of arousal during play.
Some previous works have used physiological mea-
sures, such as skin conductance, to measure arousal
(e.g. [55]). However, such measures are prone to
noise caused by physical movement, and are thus
less suitable for VR conditions. We therefore used
the Self-Assessment Manikin (SAM) [60] as an alter-
native self-report measure of affective state, which
includes arousal as a dimension. The SAM com-
prises pictorial representations of valence, arousal,
and dominance, and each is reported on a nine-point
scale.
• We used the NASA TLX questionnaire [59] to assess
perceived task workload, and address RQ3. This
comprises six items: physical demand, mental de-
mand, temporal demand, performance, frustration,
and effort (e.g. “Physical Demand: How physically
demanding was the task?”). Each is reported on a
21-point scale.
4.3. Hypotheses
We constructed the following hypotheses, with respect
to the chosen measures and RQ1-RQ3:
H1 : Participants’ reported level of immersion in the
FCD game while playing in the VR environment will be
higher than that experienced while playing on the laptop.
We further propose the auxiliary hypothesis that this will
be evident across all sub-scales apart from challenge (as
the game mechanics are identical). This hypothesis is mo-
tivated by discussions in the literature regarding the high
ecological validity of VR (e.g. [41, 44, 61]): we conjecture
that participants’ sense of being present in a betting shop
will result in a higher level of immersion/engagement in
the FCD game.
H2 : Participants’ level of self-reported arousal will be
higher while playing FCD in the VR environment than
while playing on the laptop. This is partly motivated by
Villani et al. [36] who have shown that higher levels of
presence and emotional response may be seen in VR com-
pared to real world settings, when the VR environment
provides more meaningful context. It is further motivated
by previous findings that higher levels of arousal may be
seen in vivo (e.g. [8, 55]), compared to non-naturalistic
settings. We conjecture that the comparatively higher eco-
logical validity of the VR environment will evoke higher
self-reported levels of arousal, as discussed in Section 2.3.
H3 : Participants will experience higher level of task
workloading while playing the VR version of the game.
This is motivated by the observation that using the HMD
and hand controllers of the HTC Vive may require some
physical or cognitive effort, and also that the VR touch-
screen, which has no physical manifestation, may induce
further motor-sensory load.
4.4. Procedure
Participants were given an information sheet about the
study, and then provided informed consent, in line with
ethical requirements of the University of Lincoln. A brief
demographic questionnaire was also completed by partic-
ipants, which provided information about age and gen-
der, whether they had previously used VR equipment, and
whether they had recently used a gambling machine.
Participants were then introduced to the FCD game.
This was done using a Powerpoint presentation which de-
scribed the rules of the game, winning hands, game phases,
and showed screen shots from the game to explain the
screen layout. Participants controlled the presentation
themselves, and could move forwards and backwards through
the slides until they were happy that they understood the
game. Platform-specific elements were not shown in the
presentation, so that participants’ understanding of the
FCD game mechanics and outcomes was independent of
either the laptop and VR platforms on which it was to be
played.
Participants were then told that they would be playing
the FCD game twice, once on a laptop, and once on a
simulated gaming machine in a VR environment, and that
after each condition they would be asked to fill in three
questionnaires relating to their experience of playing the
game. We additionally explained the SAM questionnaire
prior to starting the conditions. Participants were also
told that their final in-game currency balances at the end
of each condition would be converted into lottery tokens,
and that those tokens would be entered into a randomised
draw for two £50 gift vouchers, at the end of the study.
This was intended to incentivise players to win as much
in-game currency as possible.
Participants then started the conditions. Half played
the VR condition first, and the other half played the lap-
top condition first: participants were alternately assigned.
Prior to each condition, participants were instructed on
how to play the game on the respective platform. For the
VR condition, this first included a short training session in
an empty virtual environment, which showed participants
how to use the headset, controllers, and safety features;
and how to control the hands inside the simulation.
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In each condition, participants played 35 hands of FCD.
We used the same target balance sequence for each condi-
tion, for each participant. The sequence had some small
arbitrary peaks and troughs but the final target balance
was the same as the initial balance. This created a game
experience which contained a series of moderate wins and
losses, but an overall neutral gambling experience: that
is, all players finished with an in-game currency balance
close to their initial balance of £50. After each condition,
players completed the SAM, NASA-TLX, and IEQ ques-
tionnaires. On completion of each condition, participants
were given a record of their tokens for the randomised gift-
card draw.
5. Results
We present results for each of the self-report measures,
for each condition. In each case, we used a mixed ANOVA
to determine significance, at the α = 0.05 level, and relate
results back to our hypotheses H1 to H3. We used mixed
ANOVAs rather than pairwise T-tests because, although
we alternated the order of conditions, we wished to rule
out any other possible contrast effects cause by condition
order. We therefore used platform type (laptop or VR) as
the within-subjects factor, condition order as the between-
subject factor, and report full results for all measures in
Table 1.
In the remainder of this section we address each mea-
sure in turn, and summarise our results, focussing on the
within-subject factor which describes differences between
participants’ experiences of playing the laptop and VR
conditions. Where appropriate, we remark on any other
salient features.
5.1. Immersion
Total reported immersion using the IEQ was higher
for the VR version of the FCD game (M = 155.08, SD
= 22.89) than for the laptop version (M = 135.67, SD =
24.37). The main effect of condition type (VR or laptop),
was statistically significant F(1, 46)= 32.58, p < 0.001, η2p
= 0.42. Furthermore, there was no statistically significant
interaction when including order effect as a fixed factor
F(1, 46) = 1.62, p = 0.209. We next consider each sub-
scale individually, in turn.
There was no significant main effect of challenge F(1,
46) = 0.28, p = 0.597, and no interaction was observed
after introducing the order of condition presentation as a
fixed factor F(1, 46) = 0.14, p = 0.714. However, par-
ticipants did report higher feelings of control in the VR
condition (M = 26.63, SD = 4.36) than in the Laptop
condition (M = 22.63, SD = 5.42), and this difference was
statistically significant F(1, 46) = 22.78, p < 0.001, η2p =
0.33. There was no statistically significant interaction be-
tween feelings of control and the order of the conditions
F(1, 46)= 0.99, p = 0.325. Experience of real world dis-
sociation was also substantially higher when using VR (M
= 35.77, SD = 7.14), compared to using the laptop (M =
25.58, SD = 8.14), and this main effect of condition type
was statistically significant F(1, 46) = 69.09, p < 0.001,
η2p = 0.6. However, there was a statistically significant in-
teraction between condition type and the condition order
F(1, 46) = 7.31, p = 0.01, η2p = 0.14. Participants experi-
enced higher levels of real world dissociation when playing
FCD on the laptop before playing it on VR (M = 28.67,
SD = 9.54) compared to playing it after the VR condition
(M = 22.5, SD = 4.94).
Participants further reported higher levels of emotional
involvement within the VR condition (M = 26.96, SD =
6.59) than in the laptop condition (M = 24.19, SD = 6.45),
and this main effect was statistically significant: F(1, 46)
= 9.71, p = 0.003, η2p = 0.17. There was no significant
interaction between level of emotional involvement in each
condition and the order in which the conditions were pre-
sented: F(1, 46) = 0.014, p = 0.907. Participants also
experienced higher levels of cognitive involvement in VR
(M = 47.81, SD = 7.22) than when playing the laptop con-
dition (M = 45.63, SD = 7.15), and this main effect was
statistically significant F(1, 46) = 5.15, p = 0.028, η2p =
0.10. There was no significant interaction between factors
F(1, 46) = 0.079, p = 0.78.
Based on these results, our hypothesis H1, that partic-
ipants would experience higher levels of immersion playing
the FCD game in the VR condition, is supported. More-
over, with the exception of real world dissociation, there
was no statistically significant interaction with condition
order. The difference in levels between VR and laptop
gambling were most pronounced with respect to the real
world dissociation sub-scale. Therefore, it is unsurprising
to observe an interaction in this case: the effect was so
large in VR that being presented with the VR condition
first appeared to reduce the effect when subsequently play-
ing on the laptop. In addition, the auxiliary hypothesis is
also supported: participants did not report higher levels
of challenge using VR.
5.2. Affective Response
Participants used the Self-Assessment Manikin to re-
port affective response to the conditions on three dimen-
sions: valence, arousal and dominance. They reported
higher levels of arousal in response to the VR condition
(M = 5.69, SD = 1.64), in contrast to the laptop condi-
tion (M = 5.13, SD = 1.92), and this main effect for con-
dition type was statistically significant: F(1, 46) = 4.78, p
= 0.034, η2p = 0.094. There was no significant interaction
with condition order: F(1, 46)= 2.37, p = 0.131. Sim-
ilarly, participants reported higher feelings of dominance
in the VR condition (M = 5.77, SD = 1.36) than the lap-
top condition (M = 5.33, SD = 1.36): this was statistically
significant F(1, 46)= 5.43, p = 0.024, η2p = 0.11, despite
the differences in means being relatively small. However, a
significant interaction with condition order was observed:
F(1, 46)= 11.84, p = 0.001, η2p = 0.21. The findings show
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Scale Within Subjects Between Subjects Laptop First VR First
(Laptop) (Laptop First) (Laptop) (Laptop)
(VR) (VR First) (VR) (VR)
SAM Valence
M(SD) 6.54(1.30) 6.85 6.83(1.17) 6.25(1.39)
M(SD) 6.98(1.56) 6.67 6.88(1.87) 7.08(1.21)
F(1,46), p, η2p 3.57, 0.065, 0.072 0.30, 0.589, 0.006 Interaction : 2.93, 0.094, 0.060
Arousal
M(SD) 5.13(1.92) 5.67 5.58(1.91) 4.67(1.86)
M(SD) 5.69(1.64) 5.15 5.75(1.68) 5.63(1.64)
F, p, η2p 4.78, 0.034, 0.094 1.39, 0.245, 0.029 Interaction : 2.37, 0.131, 0.049
Dominance
M(SD) 5.33(1.36) 5.60 5.71(1.52) 4.96(1.08)
M(SD) 5.77(1.36) 5.50 5.50(1.35) 6.04(1.33)
F, p, η2p 5.43, 0.024, 0.11 0.097, 0.757, 0.002 Interaction : 11.84, 0.001, 0.21
IEQ Challenge
M(SD) 17.65(3.56) 18.77 18.54(3.55) 16.75(3.40)
M(SD) 17.92(3.80) 16.79 19.00(3.51) 16.83(3.83)
F(1,46), p, η2p 0.28, 0.597, 0.006 4.84, 0.033, 0.095 Interaction : 0.14, 0.714, 0.003
Control
M(SD) 22.63(5.42) 25.17 23.58(6.89) 21.67(3.27)
M(SD) 26.63(4.36) 24.08 26.75(4.14) 26.50(4.66)
F, p, η2p 22.78, <0.001, 0.33 0.89, 0.350, 0.019 Interaction : 0.99, 0.325, 0.021
Real World Disassociation
M(SD) 25.58(8.14) 32.10 28.67(9.54) 22.50(4.94)
M(SD) 35.77(7.14) 29.25 35.54(8.17) 36.00(6.12)
F, p, η2p 69.09, <0.001,0.60 2.65, 0.110, 0.055 Interaction : 7.31, 0.010, 0.14
Emotional Involvement
M(SD) 24.19(6.45) 26.04 24.71(6.66) 23.67(6.34)
M(SD) 26.96(6.59) 25.10 27.38(7.24) 26.54(5.99)
F, p, η2p 9.71, 0.003, 0.17 0.31, 0.579, 0.007 Interaction : 0.014, 0.907, 0.0003
Cognitive Involvement
M(SD) 45.63(7.15) 46.92 45.96(7.14) 45.29(7.30)
M(SD) 47.81(7.22) 46.52 47.88(8.17) 47.75(6.30)
F, p, η2p 5.15, 0.028, 0.10 0.045, 0.832, 0.001 Interaction : 0.079, 0.780, 0.002
Total
M(SD) 135.67(24.37) 149.00 141.46(28.50) 129.88(18.21)
M(SD) 155.08(22.89) 141.75 156.54(25.27) 153.63(20.68)
F, p, η2p 32.58, <0.001, 0.42 1.53, 0.223, 0.032 Interaction : 1.62, 0.209, 0.034
NASA TLX Physical Demand
M(SD) 3.52(3.16) 6.23 3.04(2.99) 4.00(3.32)
M(SD) 7.27(5.32) 4.56 9.42(5.75) 5.13(3.90)
F, p, η2p 44.60, <0.001, 0.49 2.51, 0.120, 0.052 Interaction : 21.85, <0.001, 0.32
Mental Demand
M(SD) 9.35 (4.74) 11.23 10.54(4.43) 8.17(4.83)
M(SD) 10.56 (5.11) 8.69 11.92(5.56) 9.21(4.31)
F, p, η2p 2.98, 0.091, 0.061 4.49, 0.039, 0.089 Interaction : 0.057, 0.813, 0.001
Temporal Demand
M(SD) 7.15(5.20) 7.79 7.29(5.30) 7.00(5.21)
M(SD) 7.25(4.91) 6.60 8.29(5.65) 6.21(3.88)
F, p, η2p 0.021, 0.886, 0.0005 0.88, 0.353, 0.019 Interaction : 1.53, 0.222, 0.032
Performance
M(SD) 9.46(3.87) 9.73 9.17(3.80) 9.75(3.99)
M(SD) 9.73(4.15) 9.46 10.29(3.90) 9.17(4.40)
F, p, η2p 0.35, 0.558, 0.008 0.064, 0.801, 0.001 Interaction : 3.47, 0.069, 0.070
Frustration
M(SD) 9.44(5.07) 9.23 9.04(5.01) 9.83(5.21)
M(SD) 8.48(5.13) 8.69 9.42(5.44) 7.54(4.73)
F, p, η2p 1.42, 0.240, 0.030 0.19, 0.663, 0.004 Interaction : 2.74, 0.105, 0.056
Effort
M(SD) 9.44(4.60) 10.19 9.92(4.73) 8.96(4.53)
M(SD) 9.42(4.27) 8.67 10.46(4.324) 8.38(4.04)
F, p, η2p 0.001, 0.976, 0.00002 2.04, 0.160, 0.042 Interaction : 0.65, 0.424, 0.014
Table 1: Statistics for SAM, IEQ, and TLX Results (Sub Scales and Totals as Appropriate)
8
that participants experienced less dominance in the lap-
top condition when they completed the VR condition be-
forehand (M = 4.96, SD = 1.08), than when the laptop
condition was presented first (M = 5.71, SD = 1.52). No
significant difference in valence was reported F(1, 46)=
3.57, p = 0.065. Results support hypothesis H2 (Partici-
pants level of arousal will be higher while playing FCD in
the VR condition). Figure 5 shows a visualisation of the
descriptive statistics for the (within-subject) Laptop and
VR conditions.
Anecdotally, higher levels of arousal were also evident
in participants’ behaviour: we noted that a number of par-
ticipants verbalised expressions of approval or disappoint-
ment in the VR condition, which were less evident when
using the laptop.
Arousal Dominance Valence































Figure 5: Mean SAM values in Laptop and VR Conditions
5.3. Task Workloading
Participants perception of task workload, were recorded
using the NASA-TLX self report questionnaire. We pro-
cessed results in their raw (un-weighted) format, and treated
each sub-scale independently (see [59]). The descriptive
statistics for the (within-subject) Laptop and VR condi-
tions are visualised in Figure 6.
Effort Frustration Mental Performance Physical Temporal





















Figure 6: Reported Task Workload Scales, by Condition
No statistically significant main effects were observed
with respect to mental demand (F(1, 46) = 2.98, p =
0.091), temporal demand (F(1, 46) = 0.021, p = 0.886),
perceived performance (F(1, 46) = 0.35, p = 0.558), effort
(F(1, 46)= 0.001, p = 0.976) or frustration (F(1, 46)= 1.42
, p = 0.24). However, participants reported a higher phys-
ical demand in the VR condition (M = 7.27, SD = 5.32)
compared to the Laptop condition (M = 3.52, SD = 3.16),
and this main effect was statistically significant: F(1, 46)
= 44.6, p < 0.001, η2p = 0.49. Given the large mean differ-
ence (3.75) between the VR and laptop conditions, it was
not surprising to observe a significant interaction effect be-
tween condition type and the order of conditions F(1, 46)
= 21.85, p < 0.001, η2p = 0.32. The mean levels of physi-
cal demand were higher in the VR condition, regardless of
the order of presentation; however, participants reported
higher mean levels when they completed VR after the lap-
top condition (M = 9.42 , SD = 5.75), in comparison to
completing it first (M = 5.13, SD = 3.9). Our results thus
only support our hypothesis H3 with respect to physical
demand.
6. Discussion
This paper explores the potential for the future use
of VR as a tool to support gambling behaviour research.
We present our study, with 48 participants, that compares
game immersion (IEQ), affective response (SAM) and per-
ceived task workload (NASA TLX) while playing the same
gambling game in laboratory and VR environments. Re-
sults show that participants experienced increased levels of
immersion (all sub-scales apart from challenge), arousal,
dominance and physical demand in the VR condition. In
this section, we discuss the implications of our results for
the design of virtual environments, and experimental con-
ditions, when using VR as a platform for future gambling
research.
6.1. System Immersivity, Interface, and Arousal
Key differences between the VR and laptop versions
explored here relate to the user interface: the VR sim-
ulation replicates the mechanics of the touchscreen, but
arguably exhibits lower system immersivity, as the touch
screen has no physical manifestation. However, users also
report higher levels of arousal in VR, and this contrasts
somewhat with previous works which have typically asso-
ciated higher system immersivity with higher arousal [34].
However, direct comparisons are complicated by our
study design, which uses VR as an additional layer to
mediate the experience of playing FCD, and little work
has compared experiences in VR with real-world environ-
ments. We consider the previous work by Villani et al. [36]
to be related to ours: they compared a real experience (of
a staged job interview), with a VR simulation in a corpo-
rate office, and found higher levels of presence and anxiety
in VR. We suggest that our results broadly coincide with
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these findings: while some aspects of the VR betting shop
act to undermine users’ sense of presence (e.g. not be-
ing able to physically touch the screen), the simulation
may also provide a more meaningful context for the task,
which facilitates higher levels of arousal. This has wider
implications; for example, researchers in other sub-fields
of psychology, investigating affective responses in different
contexts, may benefit from using VR rather laboratory-
based experimental conditions.
We also note that other limitations associated with the
lack of physicality of VR may serve to undermine the nat-
uralness of participants’ experiences in some cases: for ex-
ample, participants are unable to touch the EGM cabinet,
as they would do while playing in real-life. We therefore
suggest that researchers may consider using in vivo obser-
vational studies to help design effective VR simulations,
and to anticipate reduced affordances which might nega-
tively affect participants’ experiences. This point also fur-
ther invites future comparison of VR environments with
higher fidelity laboratory conditions (for example, placing
a real EGM in a laboratory).
6.2. Environment and Plausibility
In general, playing in the VR environment was per-
ceived as more immersive than in the laboratory condition.
However, the visual realism of the environment might also
increase expectations for other aspects of the simulation
to be similarly realistic. This raises an important consid-
eration in the design of VR environments for experimental
research: one of the motivations for using VR is to cre-
ate a more natural and plausible environment to improve
the ecological validity of research studies. However, by do-
ing so, (for example, by adding animated characters), the
complexity of the experimental environment is increased,
and confounds become more difficult to control. In our
case, previous work has shown that the presence of ob-
servers can affect gambling behaviour in real-world condi-
tions (e.g. [62, 63, 64]) and we therefore did not include
computer-controlled characters. Hence, the use of VR as
a platform for experimental research re-introduces some
of the challenges typically associated with in-the-wild re-
search approaches; researchers designing such VR systems
therefore need to be aware of possible confounds, and care-
fully weigh risks and benefits in the setup of VR research
environments.
6.3. Measuring Experience Within a Virtual Environment
In our work, we faced the challenge of evaluating the
experience of playing the FCD game within VR. While we
ensured that we presented the FCD game and VR envi-
ronment as separate entities to participants, there is po-
tential for ambiguity in the way in which they interpreted
their experiences, and also to which components of the
conditions (e.g. the VR environment, or the FCD game
within VR) certain elements of their experiences should
be attributed to. This particularly relates to the IEQ sub-
scales real-world disassociation and control, which tend to
focus on the game environment rather than participants’
experience of play. For example, when responding to the
IEQ item “To what extent did you enjoy the graphics and
the imagery?”, participants might take this to include the
VR environment in the VR condition, but only the FCD
game graphics in the Laptop condition. To our knowledge,
no existing work has previously evaluated the experience
of playing a 2D digital game while inside a VR simulation;
however, this is a potential future use of VR (for exam-
ple to investigate the affect of environment on video game
play), and the investigation of adapted instruments may
therefore be warranted.
Our choice of self-reported measures is also a point of
reflection. Whilst self-report is well-established, and com-
monly used to assess experience in both gambling and VR
studies, we have just noted that users’ experience of gam-
bling in VR is potentially complex. We therefore consider
that there is potential for further insights to be gained
from the inclusion of more diverse instruments in future
studies. We have noted in Section 4.2 that physiological
measures such as skin conductance are prone to excessive
noise due to movement, and so less suitable for simulated
environments (like ours) which support full body motion.
However, some recent work [65] has investigated the rela-
tionship between self-report and physiological measures in
VR studies, and we therefore advocate for the future explo-
ration of physiological measures in full-body motion VR,
combined with self-report, to help develop a deeper under-
standing of user experiences of gambling studies. Further-
more, Skarbez et al. [20] have suggested that behavioural
measures, though context specific, may also be useful indi-
cators of experience in VR, and we therefore further sug-
gest that future work could also develop complementary
methods of observational analyses.
6.4. Implications for Gambling Research
Our study and discussion reveal a number of signifi-
cant implications for the use of VR as a platform for gam-
bling research. Arousal is known to be an important fac-
tor in gambling behaviour (e.g. [28, 53]). Comparisons
between real and laboratory environments are sparse, but
generally indicate that higher levels of arousal are evident
in real conditions ([8, 55]). The reported elevated levels
of arousal, dominance and emotional engagement in our
study therefore suggest that VR simulations may be bet-
ter able to evoke emotional experiences which more closely
resemble those seen in vivo, as well as creating higher lev-
els of immersion (involvement and focus) while playing.
While there may still be some “novelty effect” associated
with VR technology, we note that most (39 out of 48)
participants had used VR previously.
Participants experienced higher levels of immersion in
the FCD game while in the VR simulation. This is a signif-
icant finding, as researchers using VR can expect that par-
ticipants will be more cognitively and emotionally involved
in game play, as compared to a laboratory environment.
As mentioned in Section 2.3, immersion is characteristic
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of gambling, and so better fostered in VR than in the lab-
oratory. We also note that participants did not report a
significant difference in the challenge sub-scale of the IEQ.
Whilst this does not imply there is no effect of challenge,
we suggest that future work could investigate this aspect
of player experience more closely.
These findings support the generalisation of results ob-
tained in VR simulations, and so contribute a number of
implications for future gambling behaviour research. Stud-
ies in real gambling venues (e.g. [55]), are usually imprac-
tical and hard to control, while attempts to recreate more
natural conditions in the laboratory (e.g. [8]) also involve
significant compromises and limitations. VR allows for the
easy creation of simulations with high ecological validity,
so that, for example, researchers may design experiments
where participants play in different locations in different
conditions (for example a casino, a betting shop), or loca-
tions which are impractical to access in real life (such as a
horse race), with the ability to manipulate and reproduce
conditions precisely.
High levels of experimental control also have other method-
ological implications: for example, study methods in real-
world locations are hampered by confounds such as differ-
ent win/lose outcomes, and changing environmental fac-
tors, all of which can be made invariant in simulations.
We also point again to previous investigations of the ef-
fects of observers on gambling behaviour ([62, 63, 64]).
We avoided the use of simulated characters in our study,
and highlighted the potential pitfalls of doing so; however,
there is also opportunity here. It has been shown that
participants can respond to VR avatars in similar ways to
real people (e.g. [66]), and so with careful study design,
VR could be used to replicate more complex human in-
teractions, and explore the influence of those interactions
on gamblers’ behaviour with a level of control which is
impractical in vivo.
6.5. Implications for the Simulation of Other Physical Sys-
tems
While our work is contextualised by gambling research,
our findings also have implications for other areas of re-
search, and for designers of other types of physical systems.
For example, a separate and significant body of research
addresses the experience of players of (non-gambling) video
games, and similarly considers the validity of laboratory
based experimental work (e.g. [67]). Our results suggest
that such work could also benefit from the use of VR simu-
lations of natural play environments to create greater eco-
logical validity, and so foster player immersion and more
representative player experiences; for example, by recreat-
ing arcade or home environments.
Our work could further benefit both research and train-
ing applications related to other types of interactive sys-
tems. VR is already used extensively for training (see
Jensen et al. [68] for a recent review), and sometimes
used to simulate conditions which are hard to reproduce
in real life. However, we suggest that our results support
the use of VR simulations for training users of electronic
or computerised equipment in specialist environments (for
example, industrial settings), which may better reproduce
levels of user immersion in operational tasks than non-
natural training settings. As a limitation, we refer back to
our previous points regarding lack of physicality, as this is
also a consideration for applications outside of gambling
research.
7. Limitations and Future Work
We have already highlighted some limitations of our
study: our VR environment is detailed, but lacks some
features which might add to players’ sense of presence, and
these warrant exploration. In particular, the inclusion of
other characters (whether autonomous or otherwise) may
increase players’ feelings of plausibility. We have discussed
the potential advantages and problems of including charac-
ters in experimental conditions in Section 6, but we suggest
that this is an interesting direction for further study.
A much less easily addressed limitation relates to the
use of in-game (rather than real) currency: this limita-
tion applies to most laboratory work, and is also sub-
ject to ethical considerations, but ultimately limits the
ecological validity of much gambling behaviour research.
This also relates to a wider limitation of our study: we
propose that VR environments are more representative of
real-world conditions than the laboratory, but we have not
compared directly with in vivo conditions. We therefore
propose that further work might engage with this, to help
further establish the effectiveness of VR.
We have conducted our experiments with a sample of
48 participants, and detected a number of statistically sig-
nificant effects. However, we acknowledge some limita-
tions: a number of sub-scales (for example, on the TLX,
and the valence scale on the SAM) indicated small effect
sizes, and so it is possible that there are a number of addi-
tional effects which could be detected by replicating with
larger sample sizes. However, we also suggest that future
work could focus on some specific aspects of user expe-
rience (such as usability of the VR equipment) in more
detail, or using different measures (such as behavioural),
in order to mitigate this limitation. In addition, we note
the evidence of interactions between condition order and
condition type in three of the fifteen sub-scales. While
these do not significantly affect our main findings, we sug-
gest that the possibility of contrast effects in some aspects
of user experience (particularly real-world disassociation)
are worthy of further consideration, and may have impli-
cations for the design of future studies.
Finally, we note that for our study we did not select
participants based on gambling experience. While we as-
sert the generality of our results, many gambling studies do
specifically employ regular or problem gamblers as partici-
pants. We therefore suggest that future work could further
investigate the use of VR with these specific groups, and
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might help to develop more valid and naturalistic simula-
tions.
8. Conclusions
We have compared the experiences of participants play-
ing a representative touchscreen gambling game under two
conditions: one on a laptop in a laboratory environment,
and the other on a virtual gambling machine, in a virtual
reality representation of a betting shop. No previous work
has made a comparable investigation of perceived immer-
sion or affective response in this context.
We hypothesised that participants would experience
higher levels of arousal and immersion in the game while
in the VR condition. Our study (N = 48) confirmed our
hypotheses using self-report measures, although no signif-
icant difference in challenge while playing was reported.
Participants also reported higher perceived physical work-
loading in VR, probably reflecting some level of encum-
brance while using the VR interface.
Based on our results, we argue for the use of VR in
future research into gambling behaviour over laboratory
based studies. VR environments not only promote higher
levels of engagement with the experimental task, but also
promote increased levels of immersion and emotional re-
sponse which we suggest are more representative of real-
world responses. However, we also argue for further work
to extend and confirm our findings, particularly regard-
ing the use of virtual characters to create a greater sense
of presence, and also to directly compare our results with
those obtained in vivo, using experienced gamblers.
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